The brain was small, weighing 587 grams (expected weight for the age: 1191 grams), with no obvious atrophy or malformations externally. On cross sections, the brain revealed diffuse white matter abnormalities involving all lobes of the cerebrum, with varying degrees from discoloration to granular softening to focal cavitary changes (Figure 2A-F) . Notably, U fibers and the subcortical white matter were spared. There was near total agenesis of corpus callosum ( Figure 2C and D), with a thinned out portion at the level of the caudal thalamus ( Figure 2E ). Bilateral aberrant bands of cortex were present in the midline, compressing the lateral ventricles against the misshapen basal ganglia, where multiple cystic areas were present ( Figure 2C and D ). An area of discoloration in the cerebellar white matter adjacent to the dentate nucleus was also noted ( Figure 2F) .
Microscopically, the damage to deep white matter myelin was widespread, with preservation of U fibers and subcortical white matter ( Figure 3A and B). The extent of the white matter changes varied. Some areas were close to normal except for pallor ( Figure 3A) . In other areas, myelinated fibers were sparse with gliosis, few PAS-positive macrophages, and relatively preserved axons ( Figure 3B -E). Cystic areas containing gliovascular strands were also present in multiple areas including basal ganglia, with putamen more heavily involved than globus pallidus. Transitions from pallor, to sparse fibers to frank cystic lesions were noted in these areas ( Figure 3F and G). A few small areas in putamen and globus pallidus showed different pattern of pathology with either acute (mostly in putamen) or subacute (in globus pallidus) neuronal damage ( Figure 3H ) or mummified neurons with mineralization. Myelin pallor was also seen in the cerebellar white matter next to dentate nucleus (figure not shown). Throughout these white matter changes, vascularity and perivascular mineralization was prominent ( Figure 3C , E-F); however, macrophages were either absent or minimal ( Figure 3D and F), except in the few lacunar infarcts in globus pallidus, where moderate numbers were observed. Similarly, perivascular lymphocytic infiltrates, though seen, were minimal. The ependymal lining of the lateral ventricles between the midline cortex and basal ganglia showed multiple foci of denudation with granular ependymitis. Besides the few foci of neuronal damage in basal ganglia, no obvious neuronal loss was noted in the cortex or hippocampus. The cortex, including the one abnormally positioned in the midline, exhibited normal lamination, ( Figure 3I ). The optic nerves showed vacuolization within myelinated fibers ( Figure 3J ). Interestingly, no evidence of long tract degeneration was found in either brain stem or spinal cord (figure not shown). No evidence of neurodegenerative diseases, such as neurofibrillary tangles was present (Bielschowsky silver stain, figure not shown).
DISCUSSION
The signature pathology of disorders of aminoacidopathies is "spongy myelinopathy", 9 the prototypes of which are phenylketonuria
Figure 2: Gross appearance of the brain at the levels of frontal lobe (A, B), amygdala (C, D), caudal thalamus (E), pons and cerebellum (F). Note diffuse white matter damage sparing subcortical and U fibers; partial agenesis of corpus callosum (C, D) preserving the posterior aspect (E); and bilateral aberrant midline cortex, compressing the lateral ventricles against basal ganglia (arrows). The deep white matter of cerebellum showed discoloration (F).
and maple syrup urine disease. Several terms, which are often noncommittal due to the difficulty in defining the entities, have been used to describe the myelin changes in these disorders, including myelin pallor, demyelination, dysmyelination, delayed myelination, defective myelination, myelinopathy, leukodystrophy, cystic demyel-ination, cavitation of white matter, and infarcts. [9] [10] [11] [12] Products of myelin degradation have been infrequently described in the lesions. 11 As an inborn error of valine metabolism, 3-HiB-uria shares features with other aminoacidopathies. In the case described herein, "spongy myelinopathy" was seen, especially in the optic nerves; however, the majority of the case was different from this pattern. There was evidence of both damage to formed myelin and poor formation of myelin in this case. Areas displaying transitions from pallor to cystic formation might resemble a demyelinating process, while the lack of myelin degradation products and macrophages in most of the areas favored dysmyelination. Considering the diffuse and symmetric white matter changes with sparing of subcortical and U fibers, we believe this case qualified as dysmyelination/leukodystrophy.
Central nervous system malformations have been well documented in aminoacidopathies. In 3-HiB-uria, microcephaly, migrational disorders, lissencephaly, pachygyria, polymicrogyria, laminar heterotopia, agenesis of corpus callosum, hypoplasia of cerebellum, and congenital intracerebral calcifications have been described. In this case, microencephaly, basal ganglia involvement, abnormal midline cortex, and perivascular mineralization were present. Interestingly, this case demonstrated partial agenesis of corpus callosum (ACC), with the posterior portion preserved, which was different from "classical" partial ACC where the posterior aspect is usually lost. The corpus callosum develops rostrocaudally between the 11th and 20th weeks of gestation; thus, the abnormality seen here may represent a destructive process after the corpus callosum was formed.
Besides 3-HiB-uria, basal ganglia involvement has been reported in several organic acidemias, including glutaric aciduria type I; mitochondrial enzyme deficiency diseases, such as Leigh's disease; hypoxia-ischemic encephalopathy, and trauma. Basal ganglia are regions with a high metabolic demand, and are thus vulnerable to hypoxia and mitochondrial disorders. Recent in vitro studies on rat cerebral cortex showed evidence suggesting impairment of mitochondrial function in 3-HiBuria. 13 This could potentially lead to selective regional vulnerability, in regions such as the basal ganglia. In addition, the acute neuronal damage in basal ganglia seen in this case is also frequently observed in glutaric aciduria type I, which resembles a "metabolic stroke", i.e. acute neuronal damage induced by toxic agents, and is believed to be the result of a rapid selective loss of vulnerable neurons rather than an infarct. 14 The mechanisms underlying this particular vulnerability have been well investigated in models for adult neurodegenerative disorders and for a few pediatric neurological disorders which may well share final overlapping pathways. 14 The speculated mechanisms of brain dysfunction in Phenylketonuria and Maple syrup urine disease, are very likely operative in 3-HiB-uria, include impairment of amino acid transport across the blood-brain barrier, interference in normal protein synthesis, and consequent defective proteolipid protein synthesis which impairs myelination.
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Figure 3: Microphotographs of the brain. Representative sections from frontal lobe (A-E) showed deep white matter pallor (A) and sparse myelination (B) with preservation of subcortical fibers. Note the gliosis, prominent vascularity with perivascular mineralization (C), occasional macrophages (arrows in D), and relatively preserved axons (E). A section from putamen (F-G) showed white matter damage with transitions from pallor (lower right), to sparse fibers (left), to cystic cavitations containing gliovascular strands (upper right), and few macrophages (F inset). Gliosis was highlighted in (G) with GFAP stain. (H and inset): acute neuronal damage in putamen. (I): normal lamination of the cortex. (J): spongy myelinopathy of the optic nerves. (A, B, D, and J: LFB/PAS; C, F and H: H&E; E: Bielschowsky silver; F inset: CD68 [R&D
Definitive diagnosis of 3-HiB-uria is made by identification of high levels of 3-hydroxyisobutyrate on gas chromatographymass spectrometry studies. However, due to its rarity, this entity is not easily recognized initially. Severe ketoacidotic attacks cause encephalopathy with grave impact on mental development, and patients are sometimes misdiagnosed as cerebral palsy as was in this case. Cornelia de Lange syndrome (CDLS) is a multiple congenital anomaly syndrome marked by a distinctive facial dysmorphism, variable degree of intellectual deficit, severe growth retardation beginning before birth, and various other malformations. ACC has also been reported in CDLS. 15 Most of the CDLS cases are sporadic, with occasional autosomal dominant pattern of familial transmission. To date, three gene mutations that cause CDLS have been identified, including NIPBL, SMC1A and SMC3 genes. 16 Our patient mimicked CDLS by exhibiting many features seen in that disorder, such as the dysmorphic features, developmental delay, and ACC. Thus, when considering the diagnosis of 3-HiB-uria, it is reasonable to include CDLS in the differential, and molecular studies may be necessary. The biochemical and molecular basis of 3-HiB-uria is poorly understood. A deficiency in 3-hydroxyisobutyrate dehydrogenase has been suggested as the most likely cause of the disorder; however, recent enzymatic and molecular studies did not support this. 1 In summary, we report a rare case of 3-Hib-uria with postmortem examinations. The neuropathology shared some features seen in other inborn errors of metabolism. Novel findings included diffuse symmetric deep white matter changes, most probably due to dysmyelination/leukodystrophy, selective neuronal damage in putamen and globus pallidus, and partial ACC of anterior, instead of classically posterior. The underlining mechanisms for these changes are under investigation.
